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a  b  s  t  r  a  c  t
Background:  Nevus  depigmentosus  is  a congenital,  non-progressive,  hypopigmented  mac-
ule or  patch  that  is stable  in  its  relative  size  and  distribution  throughout  life.  The  lesions
are  often  single  but  may  be multiple,  circumscribed  and  either  isolated,  dermatomal  or in
whorls.  The  lesions  are  uniformly  hypomelanoic  but not  amelanotic.  The  aetiopathogenesis
of  nevus  depigmentosus  is  not  yet  fully  understood.  A  defect  in  the  transfer  of  melanosomes
from  melanocytes  to keratinocytes  has  been  reported.
Objective: This  work  aimed  at evaluation  of  the  clinical  and  ultrastructural  characteristics
of  nevus  depigmentosus  in  a trial to  understand  its pathogenesis.
Patients and  methods:  This  study  included  15 patients  having  nevus  depigmentosus.  Ultra-
structural  study  was performed  for 5 patients.  2  punch  biopsies  were  taken  from  each
patient,  one  from  the center  of the  lesion  and  another  from  the  nearby  apparently  normal
skin  as  a control.
Results: The  lesions  were  mostly  present  before  3 years  of age, mostly  on  the  trunk.  Six
patients  (40%)  had  the  isolated  type  and  9 (60%)  had  the segmental  type.  Under  Wood’s
lamp,  the  lesions  exhibited  an off-white  accentuation  without  ﬂuorescence.  Ultrastruc-
tural  study  showed  apparent  reduction  in melanosomal  content  of  lesional  melanocytes
and  keratinocytes.  Immature  and aggregated  melanosomes  were  more  present  in lesional
keratinocytes.  Electron  microscopic  DOPA  oxidase  reaction  was  decreased  in  lesional  skin
compared to control  indicating  a reduced  tyrosinase  activity.
Conclusion: The  results  of this  study  support  the  hypothesis  that nevus  depigmento-
sus  is  caused  by functional  defect  of melanocytes  and  morphologic  abnormalities  of
melanosomes.
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1. Background
Nevus depigmentosus (ND) or achromic nevus is
deﬁned as a congenital, non-progressive, hypopigmented
macule or patch that is stable in its relative size and
distribution throughout life [1]. The lesions are often
single but may  be multiple, circumscribed and either
rounded, dermatomal or in whorls. The lesions are uni-
formly  hypomelanoic but not amelanotic, and they become
more  apparent with a Wood’s lamp examination, by which
the  lesion shows an off-white accentuation, in contrast to
Open access under CC BY-NC-ND license.the  chalky-white accentuation observed in vitiligo [2].
Nevus  depigmentosus is an uncommon, appears
mostly as a unilateral hypopigmented macular patch
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o not cross the midline [3]. In most patients there is
 single lesion on the trunk or proximal portion of the
xtremities [4]. Poliosis can be present (6%) [5]. Evidence
or  a neurocutaneous disorder is limited to a few reports
f  associated seizures and mental retardation. Unilateral
ypertrophy of the extremities on the same side of ND has
een  described [4].
Clinical  diagnostic criteria commonly accepted and pro-
osed  by Coupe [6] include leukoderma which present
t  birth or onset early in life; no alteration in distri-
ution of leukoderma throughout life; no alteration in
exture,  or change of sensation, in the affected area; and
o  hyperpigmented border around the achromic area. The
ypopigmentation is permanent and enlarges in propor-
ion  with growth in the person and no effective treatment
s  available yet [7].
There  are three clinical variants; the commonest is the
ingle,  circumscribed, rounded or oval lesion. Segmental
dermatomal) ND can be seen. Systematized form is very
are,  and may  resemble hypomelanosis of Ito (whorls or
treaks  predominantly in a unilateral pattern) [8].
According to the size of the diameter of ND lesions, it is
requently divided into type I ND simplex in which the lesion
s  <10 cm without any other ﬁndings; type II ND simplex in
hich  the lesion is >10 cm also without associated ﬁndings.
f  there are associated abnormalities, then one speaks of
ype  I and type II ND complex respectively [9].
Type I ND is the most common localized depigmenta-
ion seen in healthy newborns. Type I ND simplex should
e  distinguished from a nevus anemicus. Type II ND sim-
lex  develops during early childhood and presents with a
heckerboard pattern or in a linear pattern. It should be
ifferentiated from segmental vitiligo [9].
The differential diagnosis of ND includes segmental
itiligo, nevus anemicus, ash leaf spot, and hypomelanosis
f Ito. Rarely, the differential diagnosis of ND needs to be
ade  with other conditions associated with hypopigmen-
ation following Blaschko lines as lichen striatus, epidermal
evus and linear keratosis follicularis [10].
The aetiopathogenesis of ND is not yet fully under-
tood [10]. The histologic ﬁndings by light microscopy
how either a normal number or a decreased number of
elanocytes [2]. Electron microscopy can detect a large
eduction in the number of melanosomes and aggre-
ated melanosomes of variable morphology. A decrease
n  the synthesis and transfer of melanosomes has been
bserved; however, the size and degree of melanization of
he  melanosomes are normal [1].
.1. Aim of the work
This  work aimed at evaluation of the clinical and ultra-
tructural characteristics of nevus depigmentosus in a trial
o  understand its pathogenesis.
.  Patients and methods.1.  Patients
This study was carried out on 15 patients having
evus depigmentosus (ND). They were collected from the and Ultrastructure 1 (2013) 22–29 23
Outpatient  Clinic of the Dermatology and Venereology
Department of Tanta University Hospital. These patients
fulﬁlled the criteria proposed by Coupe [6] and Xu et al.
[10]  for clinical diagnosis of ND. These criteria are: (i)
leucoderma present at birth or onset early in life; (ii) no
alteration in distribution of leucoderma throughout life,
except  for possible change in size as patient grows; (iii)
no  alteration in texture or sensation in the affected area;
(iv)  no hyperpigmented border around the achromic area,
but  rather an irregular border with no poliosis present; (v)
off-white  patch without ﬂuorescence under Wood’s lamp.
2.2.  Methods
The patients were subjected to the following: complete
history taking thorough general and cutaneous exam-
ination, Wood’s lamp examination (Waldmann W)TM,
Ultrastructural study.
After  an interview with the parents and a written con-
sent,  2 punch biopsies, 3 mm each, were taken from each
patient, one from the center of the lesion and another from
the  nearby apparently normal skin as a control. Each spec-
imen  was divided into two  parts. The ﬁrst part was ﬁxed
in  10% formalin and was processed in parafﬁn. Microtome
sections (6 m thickness) were stained by hematoxylin and
eosin  (H&E) stain for routine histopathology. The second
part  was  processed for ultrastrucural evaluation to detect
the  morphologic alterations of melanocytes and keratino-
cytes.
2.3.  Ultrastructural study
2.3.1.  Preparation of semithin and ultrathin sections
The skin specimens were divided by a sharp razor blade
into  small pieces of 1 mm3 in size and subjected to cer-
tain steps for preparation of semithin and ultrathin sections
according to Dawes [11], and Hayat [12]. These steps were:
ﬁxation,  dehydration, inﬁltration with the epoxy resin mix-
ture,  embedding and polymerization sectioning.
2.3.2. Staining of the grids for ultrastructural
examination
In order to impart contrast into the ultrathin sections
when viewed in the transmission electron microscope
(TEM), the mounted sections were double stained, ﬁrst
with  uranyl acetate solution for 30 min  and washed in three
changes  of distilled water, then stained with lead citrate
for  5–10 min, washed with distilled water and dried upon
clean  ﬁlter paper. Finally, each grid was examined and
photographed with JEOL-JEM-100SX electron microscope
at  80-Kilo vol.
2.3.3.  Electron microscopic-DOPA reaction test
The tyrosinase activity in epidermal melanocytes was
evaluated by the EM-DOPA reaction test [13]. The skin sam-
ples  were ﬁxed with 2% glutaraldehyde and incubated in
0.1%  DOPA/phosphate buffer for 5 h at 37 ◦C. The samples
were then postﬁxed in 1% osmium tetroxide for 2 h. After
dehydration, the specimens were embedded in Epon. Ultra-
thin  sections were cut and examined by TEM.
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Table 1
Age  distribution and clinical patterns of ND in the studied patients.
Age of onset Isolated (no.) Segmental (no.) Total no. (%)
At birth 0 1 1 (6.67%)
<3 m 0 2 2 (13.33%)
3 m–6  m 0 1 1 (6.67%)
>6 m–1  y 0 2 2 (13.33%)
>1–3 y 4 1 5 (33.33%)
>3 y 2 2 4 (26.67%)
Total (%) 6 (40%) 9 (60%) 15 (100%)
ND: nevus depigmentosus.
Table 2
Distribution of ND lesions according to clinical patterns and sites.
Site Isolated (no.) Segmental (no.) Total no. (%)
Neck 1 1 2 (13.33%)
Front  of trunk 0 3 3 (20%)
Back  of trunk 4 0 4 (26.67%)
Upper  limbs 1 2 3 (20%)
Lower  limbs 0 3 3 (20%)
Total  (%) 6 (40%) 9 (60%) 15 (100%)
3. Results
3.1. Clinical results
This  study included 15 ND patients, 9 (60%) males and
6  (40%) females. The age of the patients ranged from 6
months  to 16 years with a mean value ± SD of 8.51 ± 4.89
years.  The age of onset was at birth in only one patient
(6.67%), while the latest was in 2 patients (13.33%) where
the  lesions appeared after the age of 3 years, Table 1. The
trunk  (front and back) was the most commonly affected
site, as 46.67% of the lesions were on the trunk while the
neck  was the least affected site (13.33%) (Table 2). Of the
studied  15 patients, 6 (40%) had the isolated type and 9
(60%)  had the segmental type. No patient showed the sys-
tematized form of ND. In all patients the lesions appeared
Fig. 2. A 1-year old female infant with dermatomal type of ND on the LFig. 1. A 9-years old male patient with isolated pattern of ND on the neck,
the lesion has irregular, serrated border.
as hypopigmented patches with irregular, serrated border
(Tables  1 and 2 and Figs. 1 and 2). All patients did not
show cutaneous lesions other than ND, and no apparent
congenital anomalies were observed.
3.2. Appearance under Wood’s lamp
Under Wood’s lamp examination, the lesion of ND
showed an off-white accentuation without ﬂuorescence
(Fig. 3), in contrast to the chalky-white accentuation with
obvious  bluish white ﬂuorescence observed in vitiligo
patients.
3.3. Histopathological resultsHematoxylin and Eosin staining of the biopsies obtained
from the lesional skin of the studied patients showed the
same  results. There was a decrease in melanin content of
t side of the trunk. (A) Shows the front and (B) Shows the back.














Nig. 3. (A) A 5-years old male patient with dermatomal type of ND on t
ccentuation without ﬂuorescence.
he epidermis, compared to the apparently normal perile-
ional  skin (control skin) (Figs. 4 and 5). There was also a
ocal  perivascular and periadenexal lymphocytic inﬁltra-
ion  in the superﬁcial layer of the dermis (Fig. 6).
.4. Ultrastructural results
Ultrastructural  study of the biopsies obtained from
he lesional skin of the studied ND patients showed the
ame  results with variable degrees. The melanocytes of
oth  control and lesional skin were normal in shape
mature melanocytes). Compared to the control skin,
esional skin showed apparent reduction in melanoso-
al  content in the melanocytes and keratinocytes of
D  lesions, immature and aggregated melanosomes were
Fig. 4. Control skin (H&E 400×).. (B) The same lesion under Wood’s light, the lesion shows an offwhite
more often observed in keratinocytes of ND lesions. In
control  skin, melanosomes were mainly supranuclear,
while in lesional skin melanosomes were dispersed all
around  the nucleus and were surrounded by increased
tonoﬁlaments which form a mesh entrapping them. Some
of  the lesional keratinocytes showed dilated perinuclear
envelop, large cytoplasmic vesicles, nuclei with deep
indentation, and clumped condensed nuclear chromatin
(Figs. 7–14).
3.5.  Electron microscopic-DOPA reaction test
EM-DOPA reaction is decreased in lesional skin com-
pared to control skin. After incubation with DOPA solution,
most  of the melanosomes of control skin changed to stage
IV  melanosomes. On the other hand, some of the immature
melanosomes of lesional skin changed to stages III and IV,
but  stages I and II melanosomes were also seen indicating
a  reduced tyrosinase activity (Figs. 15–17).
Fig. 5. Lesional skin showing decreased melanin content, the presence of
melanocytes is clear within the basal layer (H&E 400×).
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Fig. 8. EM of lesional skin of the same patient showing marked reduc-
it  was  hypothesized that there is a correlation betweenFig. 6. Lesional skin showing focal perivascular lymphocytic.
4. Discussion
Although the clinical features of ND may  initially appear
similar to those of vitiligo, the clinical course of ND and
vitiligo differs. Misdiagnosis of ND as vitiligo may  lead to
tremendous psychologic trauma and economic loss. On the
other  hand, misdiagnosis of vitiligo as ND may  lead to fail-
ure  of treatment at the appropriate time.
All patients included in this study fulﬁlled the clinical
diagnostic criteria for ND proposed by Coupe [6]. The devel-
opment  of ND usually takes place at an early age. However,
sporadic reports have suggested its initial presentation at
various  ages [1]. According to the results of the present
study, early onset is an important feature of ND. Of the
Fig. 7. Electron micrograph (EM) of control skin showing mature
melanosomes (arrows) in a keratinocyte (K). These melanosomes are
mainly located in the supranuclear region (2000×).tion in melanosomal content with abnormal distribution of tonoﬁlaments
(arrows) which forming mesh entrapping melanosomes around the
nucleus (N) in various stages of maturation (2000×).
studied 15 patients, 40% had lesions before 1 year of age,
and  73.33% had the initial lesion before the age of 3 years,
coincident with the age of onset reported in the literature
[1,10]. For this reason a diagnosis of ND should be consid-
ered  when a patient develops a hypopigmented macule at
an  early age [10].
Because  the white spot in ND is slightly off-white when
compared with vitiligo and the lesion generally appears
in  infants or young children who  usually have untanned
skin, the color contrast may not be readily visible. This
makes it prone to late discovery in some cases. Accordingly,dark-skinned persons and early detection and between
fair-skinned persons and delayed detection [1]. The male
Fig. 9. EM of control skin showing normal melanocyte (M)  resting on the
basement membrane (black arrows). The melanocyte contain multiple
mature (stage IV) melanosomes (red arrows) which are mainly located in
the  supranuclear region (1500×).
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Fig. 10. EM of lesional skin of the same patient showing normal

















aelanocyte shows apparent decrease in melanosomal content. These
elanosomes are mainly immature (red arrows) (2500×).
o female ratio in this study was 3:2. This may  be related to
he  random collection of patients.
Many researchers [10,14] reported that the most com-
on  site of ND is the trunk. The results of this study
oincide with this ﬁnding where the trunk was involved
n  46.67% of the patients followed by the lower and upper
imbs  (20% for each), and lastly the neck (13.33%). Most of
he  studied patients showed only one lesion (80%), whereas
n  vitiligo, the lesions always appear on the exposed
arts, and developed at several locations [14]. The stud-
ed  patients exhibited that ND lesions had irregular shape
nd  serrated border, as described by Lee et al. [1] and Xu
t  al. [10]. These features are helpful to differentiate ND
rom  vitiligo.
ig. 11. EM of lesional skin showing marked reduction in melanosomal content 
rrows).  Red arrows point to immature melanosomes (1500×).Fig. 12. EM of lesional skin showing clumped condensed nuclear chro-
matin (arrows) of a keratinocyte (K) (2500×).
It is generally agreed that the classiﬁcation of ND
should be divided into isolated, segmental, and system-
atized (whorled) types [8]. In this study, 6 patients (40%)
had  the isolated type, 9 patients (60%) had the segmental
type, and none of the patients showed the systematized
form of ND. Wood’s lamp examination was a useful
method to discriminate between ND and vitiligo in this
study.
In  this study, all patients did not show cutaneous lesions
other than ND, and no apparent congenital anomalies were
observed.  However, many researchers reported cases with
associated cutaneous and systemic manifestations in ND
patients  [15–19].
within the epidermal cells with marked increase in tonoﬁlaments (black
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Fig. 15. EM of DOPA-oxidase reaction in control skin showing differentFig. 13. EM of lesional skin showing dilated perinuclear envelop (arrow)
and large cytoplasmic vesicle (V). The melanosomes are apparently
decreased (2500×).
In this study by H&E examination, the epidermis
demonstrated the presence of melanocytes, in contrast to
vitiligo,  and decreased melanization of the basal cell layer
in  lesional skin compared to control skin. Upper dermis
showed focal perivascular and periadenexal lymphocytic
inﬁltration. EM examination was done for ND patients to
illustrate  ultrastructure of the lesional skin in comparison
with the apparently normal perilesional skin, control skin,
in  an attempt to detect the pathogenesis of ND. The lesions
showed the presence of mature melanocytes which means
that  the disease is not caused by absence of melanocytes
Fig. 14. EM of lesional skin showing deep indentation of the nucleus
of a keratinocyte (K) and aggregated melanosomes around the nucleus
(arrows) (3000×).stages of melanosomal maturation mainly mature melanosomes stage IV
(2000×).
and that ND is a hypomelanotic and not a hypomelanocytic
disorder. This was agreed by many authors [1,3–5,8,10].
The present study demonstrated defective melano-
genesis in the lesional skin of the studied patients. The
melanosomes were mainly immature. Also, there was
abnormal distribution of the melanosomes all around
the  nucleus in contrast to the control skin where the
melanosomes were mainly supranuclear. Lesional skin
showed increased tonoﬁlaments which act as a mesh
entrapping the melanosomes perinuclear.Lee et al. [1] and Xu et al. [10] did ultrastructural study
for ND in 8 and 4 patients respectively. They exhibited the
presence  of aggregated melanosomes in the keratinocytes
Fig. 16. EM-DOPA reaction of lesional skin of the same patient showing
apparent decrease in melanosomal content which are mainly immature
(arrows) (2500×).
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by  ultraviolet irradiationk. Journal of Investigative Dermatologytages of melanosomal maturation mainly immature melanosomes stage
I  (black arrows). Stage III melanosomes (red arrows) are also present
4000×).
f lesional skin. The present study showed the same ﬁnding.
t  seem that degeneration of melanosomes in keratinocytes
ay  relate to the pathogenesis of ND.
In the present study, some of the lesional keratinocytes
howed large perinuclear cytoplasmic vesicles, this ﬁnding
as  been shown also by Xu et al. [10]. To our knowledge,
here is no explanation for this ﬁnding.
Ultrastructural study using EM-DOPA technique was
one  to demonstrate the status of tyrosinase activity in
D  patients. After incubation with DOPA solution, most
f  the melanosomes of control skin changed to stage IV
elanosomes. On the other hand, some of the immature
elanosomes of lesional skin changed to stages III and IV,
ut  stages I and II melanosomes were also seen indicat-
ng  a reduced tyrosinase activity. To our knowledge, there
re  no available references about the study of EM-DOPA
echnique in ND.
From  the results of this study which showed the pres-
nce  of mature melanocytes in ND lesions, it may  be
ossible to achieve repigmentation of ND by stimulation of
elanogenesis using phototherapeutic modalities as rec-
mmended by Scott et al. [20]. Also, excimer laser can affect
D.  Park et al. [21] treated a 5 years old boy with ND by
 308-nm excimer laser and observed marked improve-
ent of the ND lesion. Surgical therapeutic attempts to
chieve  repigmentation can be used such as an autologous
raft with melanocytes or a conventional epidermal graft
21].
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